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Abstract 
 
The study discusses the effect of variable carbon concentration (0,02; 0,07 and 0,14%) on the mechanical properties and corrosion 
resistance in 3,0% NaCl solution of 18Cr-11Ni-2,5Mo austenitic cast steel. It has been proved that at the concentration of 0,07%C, 
products made of the examined cast steel reveal on their surface some symptoms of local corrosion. Carbon concentration raised to 
0,14%C results in advanced intercrystalline corrosion and the onset of local corrosion. Carbon concentration increased from 0,02 to 0,14% 
also results in the tensile strength UTS raised from 487MPa to 579MPa (a nearly 20% increase) with elongation El reduced from 55,3% to 
49,6%, and reduction of area RA from 69,3% to 53,4%. 
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1. Introduction 
 
Corrosion-resistant steels and cast steels of the 18Cr-9Ni and 
18Cr-11Ni-2,5Mo type are used for cast fittings, parts of pumps 
(rotors, stators and housings) and various elements operating in 
chemical, extractive and/or petrochemical industry [1-6]. The 
18Cr-11Ni-2,5Mo cast steels with max.0.03%C are also widely 
used for cast elements of  equipment operating in the industry 
manufacturing sulphuric and nitric acid [2-5]. Castings made from 
these types of the steel are also suitable for operation in contact 
with water or other liquids containing ions of chlorides, and for 
this reason, they are expected to have a high resistance to 
electrochemical corrosion. The admissible carbon concentration 
in austenitic Cr-Ni cast steels amounts to max 0,15%. Yet, carbon 
in so high concentrations reduces the resistance to intercrystalline 
corrosion, which is particularly dangerous, as the far-reaching 
consequences may include failure of the cast elements or 
structures. 
The corrosion resistance of austenitic Cr-Ni steels is related 
with the formation on their surface of a thin passive layer of the 
chromium oxides. Producing and maintaining this compact 
protective layer (passive condition) depends on two factors, 
namely on the casting operational environment and on the 
chemical composition of cast steel, which determines its structure 
[2-7]. For this reason, investigations were carried out to prove that 
low carbon concentration (0,02%) and the presence of 2-2,5%Mo 
in 18Cr-11Ni-2,5Mo steels and cast steels can improve the 
resistance of these materials to intercrystalline [7,8] corrosion, 
with only a minor drop of the mechanical properties. 
 
 
 
 2. Methods of investigation 
  
Three types of the 18Cr-11Ni-2,5Mo cast steel characterised by a 
variable carbon content of  0,02, 0,07 and 0,14% (Table 1) were 
selected for the investigations. From the test ingots cast from each 
melt, after appropriate heat treatment (solution treatment at a 
temperature of 1060
0C), the specimens were cut out for testing of 
the mechanical strength and corrosion resistance. 
Mechanical tests were carried out in certified laboratory on a 
ZWICK Z250 machine in accordance with the relevant PN-EN 
10002-1 standard. In static tensile test, the tensile strength UTS, 
YS, El and the reduction of area RA were determined.  
Corrosion measurements were performed in one-compartment 
glass electrochemical cell. Applied three electrode system 
 
Table 1.  
The chemical composition of steel examined [wt %] and mechanical properties after solution treatment 
Material  C 
% 
Cr 
% 
Ni 
% 
Mo 
% 
Mn 
% 
Cu 
% 
N 
% 
UTS 
MPa 
YS 
MPa 
El 
% 
RA 
% 
PN-EN 10213- 
4:1999 [1] 
max  
0,03 
18,0 
20,0 
9,0 
12,0 
2,0 
2,5 
      440 
640 
>200  >30   
‘447 0,02  17,6  12,0  2,5  0,96  0,02 0,027 486,5  227,5  55,3  69,3 
K4 0,07  19,03  9,58  2,21  0,35 0,11 0,07  506  251  46,7  64,2 
K5 0,14  18,07  9,21  2,16  0,28  0,08 0,02  579  264,2  40,8  52,1 
P<0,03%; S<0,016% , cast steel modified by 0,015%Nb addition 
 
consisted of cast steel as a working electrode, a platinum plate as 
a counter-electrode and Ag/AgCl as a reference electrode. The 
values of the potential are given with respect to the Ag/AgCl 
electrode in this publication. Anodic properties of cast steel were 
investigated using AUTOLAB PGSTAT 30 potentiostat by means 
of the cyclic voltammetry technique. Potentiodynamic 
polarisation sweeps of the working electrode were realised at a 
rate of 3.0V/min. The process was performed in 3.0 % NaCl 
solution at 25 ºC.  
For cyclic voltammetry measurements samples of cast steel 
were prepared from cast steel rod with 6 mm diameter x 10 mm. 
The disc shape cast steel electrode was embedded in polyethylene. 
Samples were polished progressively finish to a 800 grit paper. 
Before electrochemical treatment electrodes were cleaned in 
anhydrous ethanol. 
The curves presented in this work are the third potential 
cycles. 
 
 
3. Results and discussion 
 
The examined 18Cr-11Ni-2,5Mo cast steel is included in the 
group of corrosion-resistant austenitic steels and cast steels. 
Depending on the content of the alloying elements and varied 
concentrations of C and N, the as-cast austenitic matrix may 
contain isolated islands of ferrite and, additionally, chromium 
carbides. The solutioning heat treatment from the temperature of 
1060
0C combined with water cooling dissolves carbides 
(Fe,Cr)23C6 and produces austenitic structure with scarce islands 
of ferrite  [9,10].  
Basing on the results obtained in the static tensile test, it has 
been concluded (Fig.1) that 18Cr-11Ni-2,5Mo cast steel with 
0,02%C is characterised by the following mechanical properties: 
UTS=486-487MPa, YS=224-231MPa, El=54-55,8% i RA= 66-
72,4%. It has been indicated that the obtained values exceed the 
lower limits established for this cast steel by a PN-EN standard. 
Obtaining still higher values of UTS and YS in the case of 
industrial melts is possible only through the application of proper 
metallurgical treatment carried out during the melting process 
(e.g. charge materials of superior quality, strict control of molten 
metal chemical composition), and through the processes of out-of-
furnace treatment improving the melt purity [10].  
Comparing the results of the investigations carried out on the cast 
steel containing 0,02%C and 0,14%C; it has been concluded that 
with increasing carbon concentration, the tensile strength 
increases by about 100MPa and its average value is 579MPa. The 
increase of YS was definitely less pronounced, and a value of 
264MPa was reached. The values of elongation and reduction of 
area were obviously higher with carbon concentration of 0,02%, 
as compared to 0,14%C (Fig.1). 
For the cast steel containing 0,07%, the tensile strength UTS was 
in a range of 491-530MPa with elongation values lower by about 
2-9% and the values of reduction of area changing in a range of 
52-68%. 
The metallographic examinations carried out under an optical 
microscope have indicated that the variable carbon concentration 
with changing concentrations of Cr and Ni is responsible for 
shifting of the existing phases in a Fe-Cr-Ni system; it also 
changes the stability of an austenitic structure. Hence in the 18Cr-
11Ni-2,5Mo cast steel containing 0,07 and 0,14%C, numerous 
islands of ferrite have appeared in the austenitic matrix, their 
number being definitely larger than in the case of the cast steel 
containing 0,02%C. 
The relatively low values of UTS obtained in the cast steel 
containing 0,14%C (designated  K5), respective of the values 
recommended by the standard, may be due to incomplete removal 
of carbides during the heat treatment. As the results of own 
investigations show [10], not always the temperature of the 
casting solution treatment (performed according to the standard) 
can totally eliminate the precipitates formed on the grain 
boundaries and at the austenite/ferrite interface. In this case, the 
corrosion will start, first of all, on the grain boundaries containing 
undissolved precipitates of chromium carbides. The expected 
outcome will be the casting characterised by poor resistance to 
intercrystalline corrosion. 
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Fig.1. Mechanical properties of the examined cast steel after 
solution treatment 
  
The results of SEM-EDS examinations of the 18Cr-11Ni-
2,5Mo cast steel were referred to the results obtained on a main 
grade of this material, which is 18Cr-9Ni (18,6%Cr, 9,36%Ni, 
0,03%C) cast steel. It has been proved that when the content of 
carbon in this cast steel is at a level of 0,03%C, the processes of 
corrosion are proceeding at a rate higher (Fig.2, 7 –“w”) than in 
the 18Cr-11Ni-2,5Mo grade. Therefore it seems advisable to 
introduce an addition of molybdenum to the austenitic Cr-Ni 
steels used for castings operating in a medium holding Cl
- ions, 
reducing simultaneously the level of carbon concentration.  
The examinations carried out under the scanning electron 
microscope have proved that the cast steel with 0,02%C tested for 
corrosion resistance in 3%NaCl solution revealed no symptoms of 
the presence of corrosion centres on the surface of the tested 
specimens (Fig.3). The surface of the cast steel containing 
0,07%C revealed the presence of local corrosion centres (Fig.4). 
The surface of the cast steel specimens containing 0,14%C not 
only revealed the presence of local corrosion centres, but also 
suffered from the rapid onset of  intercrystalline corrosion (Fig.5). 
It has been proved that in the 0,14%C cast steel, the sites where 
the corrosion is initiated are mainly located along the grain 
boundaries. Moreover, local electrochemically active areas were 
observed to occur inside the grains themselves. 
The obtained results confirm the high resistance to 
electrochemical corrosion of 18Cr-11Ni-2,5Mo cast steel 
(including the intercrystalline corrosion) at low carbon 
concentrations. This is related with the low solubility of carbon in 
austenite (0,04%). At higher carbon concentrations, the austenitic 
chromium-nickel cast steels have chromium carbides (Fe,Cr)23C6 
precipitated along the grain boundaries [2-4]. The presence of 
complex chromium carbides, as well as of the brittle phases and 
non-metallic inclusions definitely deteriorates the corrosion 
resistance of austenitic Cr-Ni cast steels.  
 
 
Fig.2. Surface of 18Cr-9Ni (bez Mo) cast steels after corrosion 
testing, Magn. 200x 
 
 
Fig.3. Surface of 18Cr-11Ni-2,5Mo containing 0,02%C after 
corrosion testing 
 
 
Fig.4. Surface of 18Cr-11Ni-2,5Mo containing 0,07%C  after 
corrosion testing 
 
 
Fig.5. Surface of 18Cr-11Ni-2,5Mo containing 0,14%C after 
corrosion testing  
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proved that they are strongly oxidised (contain 22-43% oxygen) 
and are rich in Cr and Fe (Fig.6). The confirmed presence of Ni 
and Mo may have its origin in the deep-lying surface layers. 
From the results of the chemical analysis of the areas with 
corrosion products it follows that, in respect of their chemical 
composition, these areas are strongly non-homogeneous. The 
analysis performed in different places on the corrosion-suffering 
surfaces has indicated that they mainly contain elements like Fe 
(~47%), Cr (~18%) and oxygen in an amount of about 14%.  
The results of the scanning microscopy correlate well with the 
cyclic voltammetry (Fig.7). They confirm that the 18Cr-11Ni-
2,5Mo cast steel containing 0,02%C has the widest range of 
values within which it is capable of retaining its passive properties 
up to a potential of 0,8V. Higher carbon concentrations result in 
reduced corrosion resistance.  
 
        
Fig. 6. Spectral energy distribution in the layer of corrosion 
products  
 
It has been stated that some disturbances traced in the run of the 
polarisation curves may be due to the quality of charge materials 
used in industrial melts. The high content of non-metallic 
inclusions in the cast steel from melt K4, respective of the 
remaining melts, may be one of the reasons of the reduced 
resistance to pitting corrosion.  
Figure 7 shows the run of polarisation curves plotted for the 18Cr-
9N and 18Cr-11Ni-2,5Mo cast steel. 
 
 
4. Conclusions 
 
⎯  Small changes of carbon concentration in 18Cr-11Ni-2,5Mo 
cast steel have significant effect on the corrosion resistance of 
this material. Carbon content raised from 0,02% to 0,14% 
results in the occurrence of not only local but also 
intercrystalline corrosion.  
⎯  An effective measure to prevent the intercrystalline corrosion 
in austenitic 18Cr-11Ni-2,5Mo cast steels is reducing carbon 
content below the carbon solubility level in austenite. 
⎯  Raising carbon concentration from 0,02, to 0,14% results in 
the tensile strength UTS increased from 486MPa to 579MPa, 
elongation reduced from 55,3 to 40,8%, and reduction of area 
from 69 to 52%.  
⎯  The Cr-Ni cast steel after solutioning treatment has suffered 
local corrosion while kept in 3,0% NaCl solution.  
 
 
Fig.7. Cr-Ni-Mo cast steel polarisation curve at ambient 
temperature, “w” –18Cr-9Ni cast steel with 0,03%C, 
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